Terminal drought stress is the major constraint threatening yield stability in arid and semiarid regions of the world (Krishnamurthy et al., 2010) and continues to have significant impacts in both developed and developing countries. This problem will be exacerbated by climate change, resulting in increased incidence and severity of drought in many regions and thereby reducing food production. Drought tolerance is a generic term for a highly complex phenomenon of plant responses (Serraj and Sinclair, 2002) . Tolerance to drought is quantitative in nature and the underlying mechanism can vary, that is, drought escape, avoidance, and tolerance. Worldwide, the loss in chickpea production resulting from drought stress alone is estimated to be in the range of 40 to 50% (Ahmad et al., 2005) . The predicted climate change scenario and the ever-increasing population pressure impose an urgent need for developing stable varieties with an enhanced water acquisition through improved root traits that could have a significant impact on global food security. The development of crop cultivars with enhanced drought adaptation and yield stability has been the focus of many crop improvement programs.
Ninety percent of the world's chickpea is grown rainfed (Kumar and Abbo, 2001) , where terminal drought is one of the major constraints for grain yield. Chickpea yields are highly prone to large genotype  environment interactions (G  E) in marginal environments (Kashiwagi et al., 2008) . Breeding for yield under drought conditions using conventional approaches has not been quite successful over the years because of instability and poor heritability of yield. Genotypic variation for root traits and their functional implications for water acquisition and increased yields under water-limited conditions have been well documented in many crops (Ludlow and Muchow, 1990; Saxena and Johansen, 1990; Turner et al., 2001; Kashiwagi et al., 2006) . Therefore, it is important to understand the genetic variability in water uptake and the root traits that confer drought avoidance. Among the root traits, rooting depth, root biomass, and root-length density have been identified as the major promising traits for terminal drought tolerance, as these help in greater extraction of soil water (Kashiwagi et al., 2006) .
Roots are the first line of defense to respond to drought stress, flooding, temperature extremes, or nutrient limitations and are often viewed as the key to solving drought stress related issues. In terms of root architecture, more prolific root systems extracting more water from upper soil layers and deeper root systems extracting soil moisture from deeper soil layers are important for maintaining yield under terminal drought (Turner et al., 2001; Lynch, 2013) . In general, cultivated field crops have root depths that indeed do not extend much beyond 1 m (Kutschera et al., 2009) , which implies that there is an intense scope to breed for these traits (Kell, 2011) . The development of an efficient root system better adapted to different soil conditions is crucial for the success in productivity under stress. Breeding for enhanced yield stability and potential under drought stress has been quite successful in some crops (Serraj et al., 2003; Kell, 2011; Comas et al., 2013) .
Several physiological, morphological, and phenological traits may play a significant role in crop adaptation to drought stress during soil drying (Serraj et al., 2004) . Root traits play a major role in drought tolerance under terminal drought environments. However, root traits can have a major influence on yield only when root-mediated water absorption becomes the major limitation under drought stress. Contribution of root traits to drought tolerance, particularly in chickpea, has been well established Soltani et al., 1999 Soltani et al., , 2000 Kashiwagi et al., 2006 Kashiwagi et al., , 2015 Varshney et al., 2014) . Equipping chickpea with stress-tolerant traits is important, as this crop is largely cultivated in marginal environments prone to many kinds of abiotic stresses limiting the productivity. Such efforts to equip chickpeas with drought avoidance traits, including root traits, have been shown to be successful in improving the yield stability in peninsular India (Varshney et al., 2014) . At this stage of breeding progress, the current study in search of potential genetic variation that is much wider and diverse for the roots traits becomes important.
The breeding for large root biomass and deep-root system that has been performed since the 1990s, particularly at the International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), India, in a predominantly stored-soil-moisture growing environment, and the International Center for Agricultural Research in the Dry Areas (ICARDA) in the Mediterranean with an in-season rainfall environment, has resulted in the identification of chickpea germplasm superior for root traits by 30% (Serraj et al., 2004; Kashiwagi et al., 2005 Kashiwagi et al., , 2006 . A subsequent marker-assisted breeding for these traits by incorporating the quantitative trait loci (QTL), well associated with root and other drought avoidance related traits, has facilitated identification of progenies with a 30% yield advantage in multilocation drought environments (Varshney et al., 2014) . This success encourages further diversification of parental base for use in subsequent breeding efforts catering the needs of vast chickpea growing agroecological environments. The molecular-marker-based reference set of chickpea germplasm has been considered as an ideal set for this exploration, as research to date suggests that mini core collection (Upadhyaya and Ortiz, 2001 ) and genotype-based reference sets (Glaszmann et al., 2010) were highly useful in extracting germplasm with beneficial agronomic, physiological, and nutritional traits for use in crop improvement programs involving resistance to abiotic and biotic stresses (Krishnamurthy et al., 2013a,b; Upadhyaya et al., 2013) . With an objective to understand the genetic variation for root traits (w/w) of Vertisol and sand mixed with di-ammonium phosphate at a rate of 0.07 g kg −1 . The water content of the soil mixture was equilibrated to 70% field capacity using a concrete mixer to create the conditions similar to those in the field at sowing time. The sand was mixed to balance the bulk density and to reduce the water holding capacity. The top 15 cm of the cylinder was filled with the same soil-sand mixture but dry. Four seeds of each genotype were sown in each cylinder. The cylinders were irrigated with 1 L of water at the time of sowing, 150 mL of water three times on alternate days until seedlings uniformly emerged, and then no more irrigation was applied until harvest. Immediately after sowing, all cylinders were supplied with a rhizobial inoculum (Mesorhizobium ciceri, strain IC 59) as a water suspension. Two healthy representative plants per cylinder were retained per cylinder at 7 days after sowing (DAS). The plants were grown under field conditions and protected from rainfall using a rainout shelter only when rains were expected ( Fig. 1) .
Plants were harvested at 35 DAS. After harvesting, the shoots were separated from roots and put into paper bags for assessing dry weights. The cylinders were then placed horizontally on a raised platform and the sand-soil mixture was washed gently with the help of running water. The root system and broken fine roots (<5%) were placed on a sieve (400 µm) and further washed free of soil. After completely removing the soil particles, the entire root system of each plant was placed in large polybags for transportation to the laboratory for measurement. Then the roots were stretched to measure their length as an estimate of rooting depth. The root system was then separated in to 30-cm sections (0-30, 30-60, 60-90, and 90-120 cm) to and to select a large number of diverse germplasm accessions, this study undertakes extensive phenotyping of the chickpea reference set for the root traits.
MATERIALS AND METHODS
Three hundred chickpea genotypes were selected for this study, which includes 293 accessions from C. arietinum, four from C. reticulatum Ladiz., and three from C. echinospermum P. H. Davis along with six control cultivars (ICC 4958, Annigeri, ICCV 10, G 130, L 550, and KAK 2) planted in PVC cylinder culture system under a rainout shelter during two consecutive postrainy seasons (2007-2008 and 2008-2009, hereafter referred to as 2007 and 2008, respectively) at ICRISAT Center, Patancheru (1727 N, 7828 E, 545 m asl). ICC 4958 is a desi, drought-resistant, short-duration, and high-yielding cultivar under terminal drought with 30% more root weight than the best-adapted cultivar Annigeri (Krishnamurthy et al., 1996) . Annigeri, G 130, L 550 (Saxena and Singh, 1987) , ICCV 10 (Gowda et al., 1995) , and KAK 2 (Zope et al., 2002) are varieties widely grown in India (Dua et al., 2001) . Annigeri, ICCV 10, and G 130 are early-, medium-, and late-maturing desi cultivars, respectively. KAK 2 and L 550 are short-duration and long-duration kabuli cultivars, respectively.
The chickpea reference set was grown in 18-cm-diam. by 120-cm-tall PVC cylinders following Kashiwagi et al. (2005) under a rainout shelter in an -design in three replications. The cylinders were placed in 1.2-m-deep cement pits to avoid the incidence of direct solar radiation on the cylinders. The cylinders, except the top 15 cm, were filled with an equimixture Figure 1 . Three hundred accessions of chickpea reference set germplasm (at the center) being grown in a PVC cylinder culture system for phenotyping the drought-avoidance root traits. At the background is a parked rain-out shelter that would move on top of the experiment at the incidence of rain. measure the root length at each of the 30-cm depths using an image analysis system (WinRhizo, Regent Instruments Inc.). Root-length density for each 30-cm soil horizon was obtained by dividing the root length by soil volume of a 30-cm section of the cylinder. However, for this presentation all the depth-wise root length was pooled and divided by the total soil volume concerning the specific rooting depth in each specific cylinder. The root and shoot dry weights were recorded after drying in a hotair oven at 80C for 72 h. Total-plant dry weight is sum of root and shoots dry weights. Root/total-plant dry-weight ratio was calculated as an indicator of biomass allocation to roots on dry weight basis. In addition, the indicator for the effectiveness of roots in shoot production was calculated by shoot-dry-weight/ root-length density ratio and leaf-area/root-length density.
The data for the root traits, rooting depth, root dry weight, root length, root volume, root surface area, and shoot dry weight were measured, and from this data total-plant dry weight, root-length density, root/total-plant dry-weight ratio, shoot dry-weight/root-length density, and leaf-area/root-length density, were estimated. These data were analyzed using residual (or restricted) maximum likelihood (REML) (Patterson and Thompson, 1971) in GenStat 14.1 software (VSN International, 2011). The replication-wise values of various traits in each year were used for statistical analysis using REML considering germplasm accessions (G) as random. Variance components of accessions ( 2 g ) and error ( 2 e ) and their standard errors (SE) were determined. Best linear unbiased predictors for the germplasm accessions were calculated for each trait and year separately. For pooled REML analysis, G was considered random and season or year (E) as fixed. The variance due to germplasm accessions ( 2 g ), G  E, and their standard errors were determined. The significance of the fixed effect of the season was assessed using the Wald (1943) statistic that asymptotically follows a  2 distribution. Best linear unbiased predictors based on the analysis of individual seasons were used for further analysis. Phenotypic correlations among all the traits were calculated for each environment and for pooled data. The 35-d growing period was converted to thermal time using temperature observations recorded in the meteorological observatory of ICRISAT, Patancheru. Base temperature (t b ) was taken as 0C and the equation used for calculating thermal time (Cd) was as follows:
RESULTS
The REML analysis for all the seven root traits (shoot dry weight, root dry weight, rooting depth, root/total-plant dry-weight ratio, root-length density, root surface area, and root volume) each year showed the existence of highly significant genetic variation among accessions. In pooled analysis, genotypic variation ( 2 g ) and G  E were significant for all the traits. Wald statistics had revealed that all the traits varied significantly across the years. Therefore, the means for the individual years were considered separately. The error components noticed across the years for the traits, shoot dry weight, root dry weight, root-length density, root surface area, and root volume were heterogeneous, and, therefore, it was necessary to draw inferences separately across years. However, the total components of variation due to replications never exceeded 20% for all the variables across years.
The chickpea reference set exhibited a large genotypic variability for the shoot dry weight in both the seasons. It ranged from 1.34 to 2.77 g in 2007 and from 1.10 to 2.41 g in 2008 (Table 1 ; Fig. 2a ) and had the highest h 2 of 0.69 and 0.74, respectively, in both the seasons. Root dry weight also exhibited a large range of variation, from 0.47 to 0.79 g with a h 2 of 0.52 in 2007 and 0.39 to 0.89 g with a h 2 of 0.70 in 2008 (Fig. 2b) . The accessions varied significantly for the rooting depth with a range of 89.40 to 137.13 cm in 2007 and from 85.50 to 146.02 cm in 2008 ( Fig. 2c ). This interaction of root dry weight with rooting depth is likely due to the specific limiting conditions of soil water in cylinders: first, the soil moisture with which the experiment started was only 70% of field capacity; and second, the complete utilization of soil water until 45-cm depth by 35 DAS leading to a likely simultaneous sloughing of the surface soil roots, encouraging continuance of root growth in the deeper wet zones. Therefore, as far as the field conditions are concerned, it is also likely that the desirable deep-root variability for mining the deeper soil layers originates right at this stage.
Root/total-plant dry-weight ratio showed a large genotypic variability ranging from 22.10 to 27.81% in 2007 and 20.90 to 35.05% in 2008 (Table 1 ; Fig. 2d ) with a h 2 of 0.32 and 0.54 in 2007 and 2008, respectively, whereas, for root-length density, it ranged from 0.14 to 0.27 cm cm −3 in 2007 and from 0.18 to 0.29 cm cm −3 in 2008 (Table 1 ; Fig. 2e ) with a mean h 2 of 0.43. Root surface area ranged from 565.6 to 930.4 cm 2 in 2007 and 629.6 to 1003.9 cm 2 in 2008, and the root volume ranged from 6.76 to 13.75 cm 3 in 2007 and 8.55 to 15.85 cm 3 in 2008 (Table 1) . Both the root surface area and root volume are expected to exhibit the same pattern and trend of variation as these are estimated as proportionate values of root length and diameter. Shoot dry weight/root-length density ratio also exhibited a large range of variation, from 8.5 to 14.3 cm cm −3 in 2007 and 5.8 to 11.0 cm cm −3 in 2008, with a moderate level of h 2 (0.43) (data not shown), indicating that the genotypic variation with relatively greater root strength is available to cope with varying levels of soil drying as experienced both under irrigated and rainfed cropping systems. Leaf area to root-length density ranged from 28.6 to 128.9 in chickpea reference set accessions, among them, 13 (28.6-38.2) accessions were found to be superior to the best control cultivar (data not shown).
Compared with 2008, the means for shoot dry weight had been marginally greater in 2007 (first year), whereas all the root traits such as rooting depth, root dry weight, root-length density, root/total weight ratio, root surface each from North America (6), the Russian Federation, and accessions with no information on biological status; 1.3% from South America (4); and 1.0% from Europe (3). This compared favorably with the number of accessions in the composite collection , as 39% originates from southern and Southeast Asia, 25% from western Asia, and 22% from the Mediterranean region; Africa and the Americas each contributed 5% of the collection. In the present study, germplasm that originated from the Mediterranean region and western Asia had significantly larger root-length density and root and shoot dry weight than other regions. A significant range of variation in the mean root-length density was noted among the regions (Fig. 3) . Largely, accessions from the western Asian region were superior for rooting depth, from the Mediterranean region for root-length density and totalplant dry weight, and from the southern and Southeast Asia regions for root/total-plant dry-weight ratio (Table  3) . When observed for the trait leaf area to root-length density, superior accessions were observed from the southern and Southeast Asia and African regions. Root traits and total leaf area are significantly correlated with total biomass, indicating the strong dependence of these traits on overall growth rates (data not shown).
The accession ICC 4958 is currently being used as a major donor for superior root and shoot traits in drought tolerance breeding. In this study, there were 78 accessions in 2007 with a shoot weight of 2.07 to 2.77 g (ICC 4958, 1.86  0.38) and 80 in 2008 with a shoot weight of 1.87 area, and root volume traits were marginally greater in 2008. This selective enhancement of growth in roots or shoots is likely to be governed by the variation in higher daily mean air temperature experienced and the growing degree-days taken in 2008 repetition experiment. The first year was relatively cooler, with a daily mean air temperature of 21.0C and an accrual of 741 growing degreedays compared with second year with a daily mean air temperature of 23.0C and an accrual of 804 growing degree-days. In the cooler first year, the shoot growth, and the rooting depth were more favored, whereas in the warmer second year all the root parameters were more favored. The h 2 values were greater in the second year for all the traits except for the root-length density.
Most of the correlations between traits revealed the existence of highly significant (p < 0.01) associations in both the years (Table 2 ). The correlation coefficients have ranged from -0.57 to 0.98 in 2007 while it was -0.28 to 0.97 in 2008. The closeness of the correlations demonstrated that the associations observed were comparable between the seasons. Root dry weight, total-plant dry weight, root-length density, and root surface area were closely and positively correlated with shoot dry weight in both the years (Table  2) , indicating that approximate estimations of root traits are a possibility through shoot dry weight.
In the chickpea reference set, the number of accessions included was 35% accessions from southern and Southeast Asia (105); 31% from western Asia (93); 18.7% from Mediterranean region (56); 7% from Africa (21); 2.0% and 48 having an area of 883.8 to 1003.9 cm 2 in 2008 were found to be better than ICC 4958 (773.5  153.1). And for the root volume, 37 accessions with a volume of 11.70 to 
DISCUSSION
The results supported the initial expectation that the genotypes originating from different environments with contrasting seasonal variability will display morphophysiological differences associated with root traits (Purushothaman et al., 2014) . Most root traits seem to express these differences, and the high level of success in the ongoing efforts to develop varieties with a vigorous and deeper root system to improve drought tolerance support this view (Varshney et al., 2014) . Detailed analysis of phenotyping data on seven root traits indicated that the phenotypic variation in the reference set of chickpea germplasm was wider for all the root traits than earlier studies either with a chickpea recombinant inbred line mapping population in a Vertisol field (Serraj et al., 2004) or with the mini core chickpea germplasm assessed in PVC cylinders (Kashiwagi et al., 2005) . The h 2 for the six root traits ranged from 0.32 to 0.70 and the root dry weight has shown the highest h 2 value, while the root depth the lowest. However, fixing the low-heritability traits in breeding may involve selections at a later filial generation and from a larger population (Kell, 2011; Comas et al., 2013) . Root-length density, with its moderate h 2 , is an important parameter in explaining crop growth and in evaluating advantages of root strength in crop water and nutrient uptake. As reported earlier (Kashiwagi et al., 2005) , presence of higher mean root-length density at 45to 60-cm depth in some accessions compared with the upper soil profiles has been the indication that there are useful accessions that have high potential for exploiting greater quantum of soil water from deeper horizons and avoid drought stress. Therefore, breeding for root-length density can be relatively easy (Krishnamurthy et al., 1999; Kashiwagi et al., 2005 Kashiwagi et al., , 2015 , whereas the inconsistency in rooting depth can pose difficulties to breed for, though the importance of this trait cannot be overlooked (Kashiwagi et al., 2015) . This trait has been shown to be associated with terminal drought tolerance in chickpea (Kashiwagi al., 2005) . To describe rooting depth further, a deeper root system in practice means greater root-length density in deeper soil layers, and this trait has been recognized as a key target trait for enhancing drought tolerance (Gowda et al., 2011) . The importance of greater root-length density for accessing greater quantity of soil water in dry soils by improving the number of contact points between roots and soil and in reducing the impact of soil resistance to the flow of water toward the root has been well documented (Passioura, 1983; Lynch, 2007; Blum, 2011) .
Results from this study also suggest that there are accessions that possess greater root-length densities at soil depths below 60 cm. The characteristic of receding soil moisture environment experienced under terminal drought is the constant increase in demand for soil water, while there is a constant decrease in supply and a constant shifting of the supply zone to deeper layers (Purushothaman et al., 2014; Kashiwagi et al., 2015) . Greater root proliferation at deeper soil layers means greater support for the seed filling and greater grain yield formation with improved harvest indices under drought (Comas et al., 2013) . Therefore, selection for greater root proliferation at depth with high h 2 can be expected to help enhancing the genetic gains and yield improvement in chickpea breeding efforts. In chickpea and peanut (Arachis hypogaea L.), the development of a larger proportion of the root structure at depth has been shown to contribute to higher grain yield ( Jongrungklang et al., 2011; Zaman-Allah et al., 2011) . Also, it has been shown that genotypes with higher preflowering root-length density in deeper soil layers possess enhanced drought tolerance with higher pod yield and harvest index under drought ( Jongrungklang et al., 2013) .
The accessions in this reference set varied extensively for the maximum rooting depth from 85.50 to 146.02 cm. Genotypes with the capacity to develop deeper and well-branched lateral roots are considered advantageous in adapting to subsoil compaction or receding soil water environments in relation to capturing water from subsoil reserves (Kell, 2011; Comas et al., 2013) . In chickpea, rooting depth is one among the main drought tolerance traits that play a key role for seed yield under terminal drought environments (Kumar et al., 2007) . Also the benefit of deeper root systems has been shown in other studies (Kell, 2011) . Root dry weight also exhibited large variation that ranged from 0.39 to 0.89 g with a high level (0.52-0.70) of h 2 . Root biomass is also a parallel measure to root-length density and has been shown to be positively associated with drought tolerance (Kashiwagi et al., 2006; Krishnamurthy et al., 1996) . Shoot dry weight had the highest h 2 (0.69-0.74) among the traits measured in the reference set of chickpea germplasm, as previously reported (Serraj et al., 2004; Kashiwagi et al., 2006) . A close linear relationship was observed between the root dry weight and the shoot dry weight at 35 DAS. A high ratio of deep root weight to shoot weight was found to be important to maintain higher plant water potential and a have a positive effect on yield under stress (Krishnamurthy et al., 2013a) .
Root/total-plant dry-weight ratio, with a h 2 of 0.54 in 2008, showed a large genotypic variability ranging from 20.90 to 35.05. This ratio is known to reduce with the increase in plant age as a consequence of relatively higher dry matter partitioning to the shoots (Krishnamurthy et al., 1996; Kashiwagi et al., 2005) . Shoot-dry-weight/rootlength density ratio exhibited a moderate level of h 2 (0.43), with a large range of variation, from 8.5 to 14.3 g cm cm −3 . The decreased h 2 values for this ratio with increasing soil depth is likely due to variation in drought severity across experiments that would result in differential induction of deep proliferation (Kijoji et al., 2013) . Thus, rooting depth, root biomass, and root-length density were identified as the most promising traits in chickpea for terminal drought tolerance, as these help in greater extraction of soil moisture (Kashiwagi et al., 2006) . The excellent consistency of root traits, demonstrated genetic variability, and its well-known relevance in enhancing drought tolerance has led to root traits being increasingly exploited in crop improvement programs. Importance of such root traits contributing to drought tolerance has also been demonstrated in other legumes (Wang et al., 2004) . Nevertheless, progress made in assessing the genetic variability and exploiting root traits for crop improvement has still been painfully slow mainly due to the inherent difficulty in its accurate and high throughput phenotyping (Gowda et al., 2011; Jung and McCouch, 2013; Sheshshayee et al., 2013) . With the root system being a hidden, difficult-tomeasure organ, the possibilities of prediction through shoot system becomes highly desirable. Root volume and rooting depth were positively but only sparsely associated with the shoot dry weight in both the years, indicating that the expression of these two root traits were more independent of shoot system. Among all the root traits, root-length density was the highly and positively associated trait with the shoot dry weight offering a good level of confidence for prediction. The root/total-plant dry-weight ratio was correlated relatively close with the root dry weight than with the shoot dry weight, indicating that this ratio is dependent relatively more on root than the shoot performance.
The accessions originating from the Mediterranean region and western Asia have been found to possess the superior root-length densities along with greater shoot, root, and total-plant dry weights. Growth conditions for chickpea in the Mediterranean and western Asia are much drier than other regions but have a higher frequency of rainfall in the early stages of crop growth. Chickpea landraces evolving in those areas, therefore, may have adapted by increasing their root-length density as a way to capture more water.
In relatively lighter soils, these characteristics are much more relevant for better adaptation so as to rapidly extract maximum soil water that is available in early stages of crop growth and can be quickly lost at the reproductive stage. However, these traits cannot be of any advantage in environments supporting longer growth durations (Serraj et al., 2004; Kashiwagi et al., 2005) . Characterization of the chickpea reference set helps breeders to use genetic resources for cultivar development more effectively because of the reduction in size of (n = 300) accessions to be evaluated while capturing the genetic diversity of the whole chickpea germplasm collection conserved at ICRISAT and ICARDA. Also, the chickpea reference set is known to be the potential reservoir of novel alleles for crop improvement that also possesses a good amount of diversity for important agronomic traits . This study provided evidence for the presence of a high level of genetic diversity in the chickpea reference set for the root traits. Root traits are difficult to study, and this experiment documents the extent of variation in seven root-related traits. Growth rates and productivity under water-limited conditions can be improved only when the most relevant drought tolerance traits are identified and brought under a single genetic background.
With a better understanding of root traits and their genetics, further improvement in root systems is possible by using the diversity currently found within modern cultivated germplasm (Blum, 2011) . This reference set is manageable in size, so it has been extensively evaluated under replicated multienvironments for various economically important traits of interest (Lalitha, 2012) . Of the 23 accessions that were found to be best for root traits in reference set, some were also found to be superior in many other abiotic, biotic, and agronomic traits, as already reported (Upadhyaya et al., 2013) . ICC 8261, which is found to be superior for root-length density, was earlier reported as the best drought and salinity resistant accession with a higher 100-seed weight (30-38 g) than L 550 (20 g) and resistant to Botrytis gray mold (BGM). Likewise, ICC 5337 combines high  13 C, transpiration efficiency, and root-length density, conferring resistance to drought. ICC 15406 is also confirmed to be resistant to BGM and legume pod borer, also with a greater 100-seed weight (29-43 g) than L 550 (20 g). ICC 7255, ICC 8740, ICC 10885, ICC 15518, and ICC 15264 were reported as moderately resistant to BGM (Pande et al., 2006) . ICC 1422 and ICC 14446 were found to be resistant to drought (Upadhyaya et al., 2013) . ICC 3410 and ICC 4853 were reported to be salinity resistant (Krishnamurthy et al., 2011) . These accessions are a rich source of multiple resistances to various biotic and abiotic stresses, confirming the usefulness of this reference set of chickpea germplasm with good agronomic and physiological values.
CONCLUSIONS
A large genetic variability for all the root traits was observed among the reference set of chickpea germplasm accessions. These results matched well with the previous evaluations using the mini core collection of chickpea germplasm and the performance of ICC 4958, an accession used as control in both the studies. The root and the shoot dry weight showed high heritability and variation, while other traits exhibited a wide variation and moderate levels of heritability. The accessions originating from the Mediterranean region and western Asia possessed the best root-length densities, indicating potential for further selection from these regions. This study has identified new sources of germplasm that would augment the existing list of drought-avoidance chickpea germplasm.
